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Note

None of the Gadolinium Based MR 
Contrast Agents are Approved by 
the FDA for Use in the Imaging the 
Heart or Vascular System
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Why Perfusion Imaging?

Is there coronary artery disease that 
can limit the amount of blood that 
supplies the left ventricle?
And, if so, where is it?
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Stress Perfusion MRI

Rationale:

Rest Stress

Significant Coronary Artery Disease 
Limits Myocardial Perfusion During 
Stress, but Not at Rest.

The Cardiovascular
Research Foundation

Stress Perfusion MRI
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First Pass: Extravascular Agent
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Stress Perfusion MRI

Normal Myocardium

Ischemic Myocardium

Time
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Regions of Decreased Myocardial Perfusion 
Have Delayed and Diminished Enhancement

“Dark Spots are Bad”
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Methods for Inducing Stress

1. Increase Demand
Exercise

• Treadmill
• Bicycle
• Pacing

Dobutamine

Physiologic

Rest

Stress

Disadvantages:
• Produces Ischemia (Demand > Supply) – Monitoring?
• Time Consuming
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Methods for Inducing Stress

2. Increase Blood Flow (up to 3-5x)
Dipyridamole (blocks reabsorption of Adenosine)
Adenosine (7 sec half-life)

Rest

Stress

Advantages of Adenosine:
• Does not produce ischemia (generally)
• Quick acting
• Do not need to reverse with aminophylline

The Cardiovascular
Research Foundation

Adenosine Perfusion MRI

MRI:
• Pacemaker, AICD, etc..

Adenosine:
• Asthma

• Second or Third Degree AV Block

Contraindications:
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Adenosine Perfusion MRI

Patient Preparation:
No Caffeine for prior 24 hours
2 Intravenous Lines in Separate Extremities
• 24 Gauge for Adenosine (slow infusion)
• 22 Gauge for Gadolinium contrast (bolus)
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Monitoring Adenosine Perfusion MRI

During the Stress:
Monitor Patient for Symptoms 
• Flushing and Warmth
• Headache (“Pressure Behind Ears”)
• Chest Pressure or Increased Respiration

Monitor EKG & Pulse Oximeter
• Bradycardia, 2o or 3o Heart Block

(In Our Outpatient Center: ACLS Certified Radiologist or Cardiologist)

2o Heart Block
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Equipment and Set Up

MRI Compatible
Drug Infusion Pump
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Perfusion MRI vs. Nuclear Medicine

RestStress
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Perfusion MRI: Cath Correlation

• Occlusion of the mid LAD (black arrow)
• A 77% stenosis of the OM2 branch of the 
circumflex artery (white arrow)

Apex Base

Stress

Rest

QCA
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Subendocardial Perfusion Defect

72 year-old male with  progressive angina.
Cardiac Cath: 85% Stenosis Circumflex 
Artery.

Apex Base

Stress

Rest
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Perfusion MRI: Cath Correlation

QCA: A 51% stenosis of a 
marginal branch of the 
circumflex artery

Apex Base

Stress

Rest
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Normal MRI Perfusion Study

64 year old male with multiple risk factors for CAD.
Nuclear perfusion study was abnormal.
Coronary Cath: No significant coronary artery disease. 

Apex Base

Stress

Rest
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Perfusion MRI: Comparison to PET and Cath

Adobe Acrobat 
Document

Schwitter, J. et al CIRCULATION. 2001;103:2230-2235

48 patients scheduled for coronary cath for suspected  coronary artery disease.

• High correlation between MRI and PET
• MRI stress perfusion reliably identifies CAD
• Provides information on amount of compromised muscle.
• Can define subendocardial perfusion abnormalities

MRI vs. PET

Area = 0.93
Sens = 91%
Spec = 94%

MRI & PET vs. Cath

PET
Sens = 91%
Spec = 81%
MRI
Sens = 87%
Spec = 85%

MRI vs. PET

Extent of Disease
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MRI: Adenosine Stress Perfusion

Nagel, E. et al CIRCULATION. 2003; 108:432-437

• 84 patients: Scheduled for 1st coronary catheterization
• Prevalence of CAD:  51% (>50% diameter stenosis)

1VD =19, 2VD = 9, 3VD = 15 
• Stress / Rest MRI studies
• Semi quantitative analysis

Adobe Acrobat 
Document

StressRest

MRI Perfusion vs Cardiac Cath

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Sensitivity Specificity Accuracy

Pe
rc

en
t 89%87%86%

The Cardiovascular
Research Foundation

Sensitivity: 90 + 3 %

Specificity: 81 + 4 %

Accuracy: 86% + 3 %

n=99
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A Stress Perfusion Defect Indicates 
Either a Flow Limiting Stenosis or a Scar

Why Stress Perfusion Alone is Not Enough

Stress Perfusion Defect Stenosis or Scar
Rest Perfusion Defect Scar
Hyperenhancement Scar

Hyperenhancement is Probably Better Than Rest Perfusion

The Cardiovascular
Research Foundation

Base Mid Apex

Stress Perfusion / Viability: Matched
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Function 

Integrated Cardiac Exam

Perfusion

Additional Assessment

Valves, Coronaries, etc.Viability 

0            5           10           15           20           25            30 min        

Contrast load 0.2mmol/k 
(0.05 mmol/kg – Perfusion)  
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Case Study

• 71 year-old man with a history of 
previous MI and RCA stent placment

• Few recent episodes of chest pain

• Is there significant coronary artery 
disease?
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Base Mid

Results: Normal Global & Regional Systolic Function

Long Axis

Short Axis
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Results: Pefusion and Viability

Stress 
Perfusion

Base ApexMid

Viability
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Cardiac MRI Report

Coronary Catheterization:

• Occlusion of the Cx after the origin of the OM1
• Widely patent RCA with no intrastent restenosis
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Clinical Case: Chest Pain 

Function 

Viability

Perfusion

Normal (EF = 58%)
Mild LVH

Global Ischemia

Small  Anterobasal
Infarct

TwinSpeed Excite II
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Clinical Case: Chest Pain 

TwinSpeed Excite II The Cardiovascular
Research Foundation

Clinical Case: Pre-Op Eval / “Prob +” Thallium 

Function & 
Morphology

Viability

Perfusion

Normal

Inferior 
Ischemia

Tiny Inferior 
Infarct
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Severe Stenosis of the LAD Origin
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Conclusions

• Cardiac MRI is used in clinical practice 
today for the assessment of patients 
with ischemic heart disease.

• It will become an increasingly routine 
test for these patients over the next few 
years. 
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